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Neurocutaneous island flaps have been very popular in soft-tissue
coverage of the lower extremities. These flaps are based on the
arterial network around the superficial sensory nerves. The advan-
tages of these flaps are easy and quick dissection (hence a
time-saving operation), acceptable donor site morbidity, and
preservation of major arteries of the leg. The authors used five
neurofasciocutaneous and three musculofasciocutaneous flaps
successfully as cross-leg flaps for the coverage of relatively large
defects of the lower two thirds of the leg and foot in 8 patients.
They conclude that reverse saphenous neurofasciocutaneous and
musculofasciocutaneous flaps as a cross-leg flap in patients who
cannot be reconstructed with other flap alternatives have many
advantages over traditional cross-leg procedures, such as short
vascularization time, minimal patient discomfort, wide arc of
rotation and great versatility, and a safe vascular pattern.
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Despite advances in microvascular surgery,
sometimes the repair of large soft-tissue defects—
especially the defects of the foot and lower third
of the leg—remains a difficult reconstructive
challenge for the plastic surgeon. The use of
various methods to reconstruct such defects in-
clude the use of cross-leg flaps,1 local cutaneous
fascial or fasciocutaneous flaps based either prox-
imally2,3 or distally,4–7 distally based muscle
flaps,8,9 and free flaps.10,11 In addition, after the
report by Masquelet and colleagues12 was pub-
lished regarding their experimental work on skin
island flaps supplied by the vascular axis of the
sensitive superficial nerves, neurofasciocutane-

ous flaps have been popularized and widely used
for the reconstruction of lower leg soft-tissue
defects.13–15

We present our experience with 7 patients who
were treated successfully using the saphenous
neurofasciocutaneous and musculofasciocutane-
ous flap for the coverage of large soft-tissue de-
fects in lower two thirds of the leg and foot.

Materials and Methods

Since 1999 we have used distally based neurofas-
ciocutaneous and musculofasciocutaneous flaps
as a cross-leg flap for lower leg and foot recon-
struction in 8 patients. The use of other conven-
tional methods or free flap procedures was not
possible in any of these patients. All patients
were previously operated two or more times at
different medical centers. Five of the eight flaps
used were fasciocutaneous flaps, and the remain-
ing three were musculofasciocutaneous flaps (Ta-
ble). Patient age ranged from 21 to 56 years. The
size of the defects ranged from 13 � 11 cm to 26
� 11 cm (average size, 18 � 10 cm; see the Table).
The musculofasciocutaneous flaps were used for
treatment of osteomyelitis in 3 patients. All do-
nor sites were covered with a split-thickness skin
graft. Flap circulation was blocked using a bowel
clamp, and the time intervals were gradually
increased 10 days after the first operation. Flaps
were divided between postoperative days 12 and
16 (see the Table). Both lower limbs were fixed
with an external splint to avoid tension.

Surgical Procedure
The flaps are designed along the course of the
saphenous bundle (a line drawn from the anterior
portion of the medial malleolus, where the vein
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and the nerve usually can be felt, to the medial
epicondyle of the femur with the knee extended).
The pivot points are marked 5 cm above the
medial malleolus, and skin paddles are planned
according to the size of the defects. The incision
starts at the distal end of the flap. After skin and
subcutaneous incisions are made, the long saphe-
nous vein and the long superficial saphenous
nerve are identified. These structures are divided
and ligated. The underlying fascia is also incised,
sutured to the skin island, and elevated from the
muscle, making sure that the vessels and the
nerve are included in the flap. The lateral borders
of the flap are then incised and elevated with the
flap proximal to distal up to the pivot point. The
pedicle width is 3.5 cm and it is elevated in the
same plane with the flap. In the musculocutane-
ous flaps, contrary to neurocutaneous flaps, the
medial head of the gastrocnemius muscle is di-
vided from the lateral head and the proximal base
together with the skin island, and is then contin-
ued in the submuscular plane until reaching the
pivot point. The muscle is sutured to the skin
with 4-0 catgut to avoid any separation between
the muscle and skin. The legs are then brought
together, and all margins of the flap are sutured to
the defect margins except for a 2 to 3-cm region at

the base of the flap. Both lower limbs are fixed
with an external splint to avoid tension or kink-
ing of the flap. The flap donor area is covered
with a split-thickness skin graft.

Results

There were no complete flap failures. Superficial
flap necrosis was observed in only 2 patients,
both of whom were treated with surgical debride-
ment and daily dressings. Partial graft loss in the
donor area was observed as a donor site compli-
cation in 1 patient, and this area was debrided
and grafted with a split-thickness skin graft. All
patients were mobilized immediately after flap
division. All patients were satisfied with their
results.

Patient Reports

Patient 1
A 25-year-old woman presented with an unstable
wound at the heel and lateral aspect of the
plantar area (Fig 1A). An angiography was per-
formed to assess the recipient artery for micro-

Patient Data

Patient
No./Age, yr

Defect
Size,
cm

Cause of
Defect

Location of
Defect Complication

Time to
Pedicle
Division,
d Result Flap Type

1/25 16 � 7 Traffic accident Plantar region
of the foot

None 12 Successful Neurofasciocutaneous

2/56 26 � 11 Traffic accident Distal two
thirds of the
lower leg

Partial graft loss
in donor area

15 Successful Musculofasciocutaneous

3/45 15 � 9 Gunshot injury Distal one
third of the
lower leg

None 12 Successful Neurofasciocutaneous

4/23 21 � 13 Traffic accident Distal one
third of the
lower leg

Superficial flap
necrosis

14 Successful Musculofasciocutaneous

5/34 13 � 11 Crush injury Dorsum of the
foot

None 12 Successful Neurofasciocutaneous

6/21 17 � 10 Traffic accident Middle one
third of the
lower leg

None 13 Successful Neurofasciocutaneous

7/38 18 � 9 Traffic accident Distal one
third of the
lower leg

None 16 Successful Musculofasciocutaneous

8/27 18 � 10 Crush injury Plantar region
of the foot

Superficial flap
necrosis

14 Successful Neurofasciocutaneous
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Fig 1. (A) View of the unstable wound in the heel and lateral plantar region of the left foot. (B) View 3 months
postoperatively. (C) The cross-leg saphenous neurofasciocutaneous flap is seen after it has been adapted to the
defect. (D) View of the heel and plantar region after the cross-leg flap was divided during postoperative week 2.
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vascular reconstruction. Angiography of the left
leg demonstrated occlusion in the peroneal artery
at the lower third of the leg and in the anterior
tibial artery in the middle third of the leg, but the
patency of the posterior tibial artery was normal.
Skin, subcutaneous tissue, and deep tissue of the
lower third of the leg were fibrotic, and a recipi-
ent artery for microvascular reconstruction was
not found during exploration. Because of these
circumstances, a cross-leg reversed neurofascio-
cutaneous flap was planned to cover the defect.
The skin paddle was 16 � 7 cm and the pivot
point was 5 cm above the medial malleolus. The
flap was elevated according to the previously
described surgical procedure. The legs were then
brought together and all margins of the flap were
sutured to the defect margins except for a 2 to
3-cm region at the base of the flap (Fig 1C), which
was divided on day 12 after the first operation
(Fig 1D). The patient’s postoperative course was
uneventful and demonstrated complete flap sur-
vival (Fig 1B).

Patient 2
A 56-year-old man with an unstable wound and
chronic osteomyelitis in the middle and lower
third of the tibia (Fig 2A) was admitted from
another medical center for microvascular recon-
struction. The patient was operated, and all ne-
crotic and infected tissues were debrided
radically (Fig 2C). The defect size was 26 � 11
cm. No suitable artery for microvascular anasto-
mosis was found during exploration, and all
superficial and deep veins were fragile and vari-
cose. A distally based cross-leg saphenous mus-
culofasciocutaneous flap was elevated, the
anterior aspect of the tibia was filled with the
muscle part of the flap, and all margins were
sutured to the defect (Fig 2D). The flap was
divided from the pedicle on day 15 after the first
operation. The postoperative course was un-
eventful and the flap demonstrated complete sur-
vival (Fig 2B).

Discussion

Repair of soft-tissue defects of the lower third of
the leg and foot presents a notable reconstructive
challenge. There are several operative procedures

for reconstructing the lower leg, including cross-
leg flaps1; local cutaneous, fascial, or fasciocuta-
neous flaps based either proximally2,3 or
distally4–7; distally based muscle flaps8,9; and
free flaps.10,11 Since the introduction of the con-
cept of fasciocutaneous flaps by Ponten,2 the
interest and importance of local fasciocutaneous
flaps for the reconstruction of soft-tissue defects
of the leg and foot have increased steadily. Fas-
ciocutaneous flaps that are based on the paraneu-
ral network and neurocutaneous perforators have
been used successfully since 1992 for lower leg
reconstruction.12–15 These neurofasciocutaneous
flaps are popular in lower extremity reconstruc-
tion because they do not sacrifice any major
artery or muscle, they have a wide arc of rotation,
they are dissected easily and quickly, and they
have acceptable donor site morbidity. Also, in
contrast to sural neurofasciocutaneous flaps, sa-
phenous nerve sacrifice is not a problem in the
patients reconstructed with saphenous neurofas-
ciocutaneous flaps, because most of the defects to
be reconstructed involve the area supplied by the
nerve.14 In conclusion, reverse neurofasciocuta-
neous flaps have maximal reconstructive capac-
ity and minimal morbidity. For this reason these
flaps have been an alternative to other local and
distant flaps for lower extremity reconstruction.
The cross-leg distally based sural neurocutane-
ous flap has been described previously in the
literature,16 but to our knowledge there are no
reports of a cross-leg saphenous neurofasciocuta-
neous flap.

In our patients, local fasciocutaneous or muscle
flaps could not be used because there were mul-
tiple incision scars from previous operations. In
addition, the skin, subcutaneous tissue, and mus-
cles of the leg were fibrotic. Explorations were
done for microvascular reconstruction but there
was no suitable recipient artery or vein in any of
the patients. We decided to use reverse saphe-
nous neurofasciocutaneous or musculofasciocu-
taneous flaps as a cross-leg flap to cover the defect
because the other flap choices were unavailable.
The cross-leg flap is used as a last choice of
reconstruction in some specialized salvage situa-
tions. Traditional fasciocutaneous cross-leg pro-
cedures have many disadvantages.17 The cross-
leg flap requires a vascularization time from the
recipient site of approximately 2 to 3 weeks. The
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Fig 2. (A) Chronic, unstable wound on the anterior side of the right lower leg, with exposed tibia. (B) Postoperative
view of the saphenous musculofasciocutaneous flap on day 15 after pedicle division. (C) Intraoperative view of the
debrided wound, exposed tibia, and elevated saphenous musculofasciocutaneous flap. (D) The cross-leg saphenous
musculofasciocutaneous flap is seen after it has been adapted to the defect.
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transferred tissue is never as well vascularized as
a free tissue transfer. Also, cross-leg flaps require
immobilization of both extremities for extended
periods of time, which may cause contracture
formation and may lead to the development of
deep venous thrombosis. However, many of these
disadvantages may be alleviated by using the
distally based cross-leg saphenous neurofascio-
cutaneous and musculofasciocutaneous flaps.
These flaps are safe despite their reversed pedi-
cle, because they have an axial pattern without
sacrifice of any major artery of the leg. They may
be adapted to the defect easily, and all margins of
the flap may be sutured to the defect margins.
Thus, flap neovascularization from the recipient
bed is completed more quickly. The pedicles
were divided between days 12 and 16 postoper-
atively in our patients. Patient discomfort is ex-
tenuated because of the fixation time of the legs.
The versatility and wide rotation are allow to
insert the flap to detect when knee joint is in
minimal flexion or in extension in cross leg flap.
This suitable position for fixation helps reduce
patient discomfort. Moreover, the cross-leg sa-
phenous neurofasciocutaneous flap may be used
for sensorial reconstruction of the weight bearing
area of the foot. Although a recipient nerve was
not found in the dense scar tissue for nerve
coaptation in our patients, it may be located in
others.

Although viability of distally based gastrocne-
mius muscle flap is controversial in previous
literature, two reasons led us to perform the
distally based saphenous musculofasciocutane-
ous flap;18,19 first, in recent literature, it has been
shown that it is reliable to perform gastrocnemius
muscle flap by not dissecting the inferior one-
third of the muscle.20 Second, in recent literature,
an experimental study revealed that muscle may
survive by reverse flow through the musculocu-
taneous perforators.21 In our patients, insertion of
medial head of gastrocnemius muscle and attach-
ments between the two heads of the muscle were
protected distally to the pivot point and as a
result, we noted that muscle tissue can survive
by reverse flow through the musculocutaneous
perforators when elevated with the saphenous
neurocutaneous flap. Therefore, distally based
saphenous musculofasciocutaneous flaps have
two vascular patterns. One of them is distally

based of saphenous neurocutaneous flap and the
other is distally based of gastrocnemius muscle
flap. The preservation of these two vascular pat-
terns provides more reliable flap viability.

To our knowledge, use of saphenous neurofas-
ciocutaneous and musculofasciocutaneous flaps
as cross-leg flaps has not been reported previ-
ously. We think that cross-leg neurofasciocutane-
ous and musculofasciocutaneous flaps have
many advantages over traditional cross-leg pro-
cedures, and they may be used safely and suc-
cessfully for salvage of lower leg and foot defects.
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